One of the cardinal features of a long-standing upper motoneurone lesion is that the stretch reflexes are exaggerated. In recent years it has been shown that this exaggeration is largely due to an increase in the sensitivity of the muscle spindle to passive stretch and that this, in turn, is a consequence of enhanced fusimotor (y-efferent) activity (Rushworth, 1960; see, however, Landau and Clare, 1964) . Although th-excitability of the fusimotor motoneurone is clearly raised, the situation in regard to the a-motoneurone is more obscure. Until now the only method which has been used to investigate ax-motoneurone excitability in man has been that of H-reflex testing.
In this method the nerve to a muscle is stimulated electrically in a relaxed subject so that the x-motoneurones receive monosynaptic excitation from Ia fibres; the ensuing reflex discharge is then monitored from the muscle. If measurement is also made of the maximal muscle response after direct excitation of a-motor axons (M wave), then the fraction of motoneurones contributing to the recorded reflex potential will be H/M (Angel and Hofmann, 1963) .
Unfortunately, for various reasons, the H-reflex method has not proved useful in the study of upper motoneurone disorders. In the first place, H reflexes cannot be detected at all in muscles other than those in the calf and sole, unless patients are quite severely affected. However, if the study is confined to calf muscles it suffers from the fact that even in healthy subjects the H/M ratio may be unity (McComas and Payan, 1966 (Upton, McComaF, and Sica, 1971 ); a preliminary account has already appeared (McComas, Sica, and Upton, 1970) .
It will be shown that in most hemiparetic patients there is a characteristic inability to potentiate Hreflexes in an affected limb. Furthermore, this impairment is still present in patients in whom an apparently complete recovery from weakness hlas occurred. The findings have been sufficiently striking to suggest that the method may find a useful plac_ in the diagnosis of neurological disorders.
METHODS
PATIENTS Investigations were made in 11 women and six men with evidence of upper motoneurone disturbance affecting one or both limbs on one side only; their ages ranged from 20 to 66 years. Five of these patients had suffered from transient attacks of cerebral ischaemia; i the remaining patients the diagnoses included glioma (2), meningioma (1), cerebral thrombosis (5), cerebral embolism (2), and subarachnoid haemorrhage (2). In each patient a clinical assessment was made of the tendon jerks, limb tone, and the plantar reflex. Muscle strength was judged clinically and, in most cases, with a springbalance. In eight patients in whom there had been a definite history of transient limb weakness due to cerebrovascular disease, the physical findings in the affected limbs were entirely normal at the time of investigation. Both arms were also normal in another patient in whom a cerebral glioma was causing slight weakness of one leg. The experimental results in this group of nine patients are shown separately in Fig. 2 . In the remaining patients only mild weakness was demonstrable. Control observations were made in 23 healthy adults, aged 19 to 49, who were subjects in the initial study of late wave potentiation .
EXPERIMENTAL PROCEDURE Late wave potentiation was studied in corresponding muscles of the affected and normal limbs. In 14 patients the abductor pollicis brevis (APB) was used; four further experiments were performed on the tibialis anterior (TA) or the abductor digiti minimi (ADM). The techniques for stimulating and recording from these muscles have already been described . In the present experiments the peak-to-peak amplitudes of 10 F waves were measured with the subject relaxed. The subject then performed a maximal contraction of the muscle under examination and the amplitudes of 10 V1 (potentiated H-reflex) waves were recorded. The stimuli to the appropriate mixed nerve were kept supramaximal for both series of obseivations and the repetition i ate was less than one every three seconds.
RESULTS
In a normal subject at rest, supramaximal nerve stimulation usually evokes a small F wave in a distal muscle. When the subject contracts the muscle voluntarily a large evoked response appears which has a similar latency to that of the F wave. In the accompanying paper this latter response was designated the V1 (first volitional) wave and further analysis showed that it consisted mainly of a potentiated H-reflex. In most normal subjects a second wave can also be detected on effort. This second (V2) wave will not be considered further in the present paper, although it was apparent that the In the case of the first wave, the extent of potentiation in any one muscle will be the difference between the V1 wave during effort and the F wave at rest. This difference may be expressed in terms of the maximum M wave, measured at rest, so as to give an excitability coefficient, Z, where Z = VM F Using the excitability coefficients it is possible to compare the abilities of corresponding muscles on both sides to potentiate. Thus, if the smaller excitability coefficient (Z) is expressed as a percentage of the larger (Z'), a symmetry coefficient (S) is obtained, that is, S = z x 100, where Z <Z'
In a healthy subject, provided the voluntary contraction is maximal, the average amount of potentiation is very similar on both sides of the body. An example of this symmetry is given in Fig. IA where F waves and V1 waves have been averaged automatically in each abductor pollicis brevis (APB) muscle of the control subject R.S. Individual values for the symmetry coefficients in this and other control subjects have been arranged in ranking order in Fig. 2 . Additional observations have been made in the first dorsal interosseous muscle (DI) of 11 subjects and in the extensor digitorum brevis (EDB) muscles of six subjects. In DI the symmetrycoefflcients ranged from 82 to 98 with a mean of 91 SD ± 51. In EDB the range was 70 to 96 and the mean was 87 ± 9-8.
In the patients with upper motoneurone lesions a different picture emerged. In relaxed muscles the F waves on the affected side were usually of normal size; however, in one patient-a 65 year old man with a cerebral glioma, an abnormally large potential was recorded (F/M = 26%; see Fig. 3 ). Although the stimulus was supramaximal it was nevertheless possible that a large part of this enhanced potential was an H-reflex. Some motoneurones may have discharged reflex impulses too late for collision to have occurred with the antidromic volley (see also Upton et al., 1971) . When the patients made maximal voluntary contractions the V1 waves were usually very much larger on the normal side than on the affected one, even in patients with no demonstrable abnormality in the previously weak limb. Two examples of unequal potentiation are given in Fig. 1 . Although this disparity between the two sides is evident from Fig. 3 , it is shown most clearly in Fig. 2 where the symmetry coefficient has been calculated for each patient and compared with the values in controls. Only one patient had a coefficient (86) above the lower limit of the normal range (62). This patient was a 63 year old man with a cerebral glioma. It can also be seen from Fig. 2 that the symmetry coefficient was occasionally negative, since in some patients the late response actually declined on effort. The cause of this diminution was uncertain. It The second possibility is rather simpler and has therefore been tentatively accepted as our working hypothesis; it is summarized diagrammatically in Fig. 4 . It supposes that during a voluntary contraction one group of descending fibres normally evokes excitatory postsynaptic potentials (EPSPs) repetitively so as to produce a background, but subthreshold, depolarization of the motoneurone. Superimposed on this background depolarization are relatively large EPSPs from other descending fibres which cause the cell to fire action potentials.
In the presence of this background depolarization la inputs may alsoelicitimpulses in the motoneurone. In upper motoneurone lesions of the type exhibited by our patients, we postulate that the subthreshold depolarization is reduced. Even though la inputs will no longer evoke reflex discharges, the volitional pathways remain effective because of the high safety margin of the corresponding EPSPs.
If the last mechanism is the correct explanation of our findings, it remains to identify the descending pathway(s) normally responsible for the subthreshold effects. In the accompanying paper we have shown that the descending pathway does not depend on the stretch reflex loop. In an attempt to obtain further information we have recently undertaken a study in patients with Parkinsonism, some of whom have been treated by thalamotomy. The results of these further investigations will follow in due course (McComas, Upton, Hankinson, Petito, and Hughes, 1971) .
